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WIND-TUNNEL PROCEDURE FOR DETERMINATION OF CRITICAL STABILITY AND CONTROL
‘ CHARACTERISTICS OF AIRPLANES

By Harry J. GoErT, RoY P. JACKSON, and Steven E. BerLsLEy

SUMMARY

This report outlines the flight conditions that are usually
eritical in determining the design of components of an airplane
which affect its stability and control characteristics. The
wind-tunnel tests necessary to determine the pertinent data for
these conditions are indicated, and the methods of computation
used to translate these data into characteristics which define
the flying qualities of the airplane are lustrated.

INTRODUCTION

The development of flying-qualities specifications (refer-
ences 1, 2, and 3) has established specific criteria with which
the.characteristics of an airplene normally will be compared.
The problem posed in the preliminary design of an airplane
is the determination of which of these criteria will influence
the design of the various components of the airplane that
affect the stability and control characteristics, and the
magnitude of the effect. As an aid in this design problem,
methods have been developed by which the data, obtained
from wind-tunnel tests of powered models, can be translated
into flying-qualities characteristics observable in flight tests
(in the terms of which the flying-qualities specifications are
written). Application of these methods to six different
airplanes has indicated that the same requirements represent
the critical conditions on all conventional airplanes, and that
if these conditions are met it will follow that the remainder
of the specifications will be satisfied. By permitting con-
centration on these few conditions a considerable simplifica-
tion of the design process results.

It is the purpose of this report to outline the critical con-
ditions for each component of the airplane, to indicate the
wind-tunnel tests necessary to determine the pertinent data,

and to illustrate the methods of computation used to trans- -

late these data into characteristics which define the flying
qualities of an airplane.

DISCUSSION

The flying-qualities requirements can be stated under
three major headings:

1. Stability shall exist under specified conditions.

2. Control shall exist under specified conditions.

3. Control forces shall be kept within specified limits.
Each of these requirements is, to some extent, contradictory
to the other two and, furthermore, airplanes now have been
developed to such sizes and powers that the attainment of
all three requirements is quite difficult. Hence, despite the

fact that from the ultimate flying-qualities standpoint it is
desirable to satisfy some of the requirements by as ample a
margin as possible, the designer normally will find it expe-
dient to base his original design on small margins, in order
to minimize the difficulty of compromising conflicting re-
quirements. If this is not done for one requirement, the
attainment of the other two by normal means may be
impossible.

To illustrate this point, the horizontal tail on a typical
high-powered, single-engine airplane must be the smallest
which will give the required stability in a rated-power climb,
and the elevator must be the smallest which will give the
required control in landing, in order to keep the balance
requirements for low control forces in accelerated maneuvers
within reasonable limits. With regard to wing dihedral,
care must be taken not to exceed the amount required for
the maintenance of lateral stability in the low-speed, high-
power condition where the dihedral effect will be minimum,
or excessive dihedral effect will result at high speeds. The
size of the rudder must be limited to the smallest that will
give adequate control in order to keep the rudder-pedal
forces within the required limits.

If it is assumed that the preliminary design has been
completed on the above basis, it will be the function of the
first wind-tunnel tests to obtain data from which any read-
justments in the airplane components, necessary to secure
satisfactory characteristics, can be determined. As con-
ceived herein, the first series of wind-tunnel tests would be
restricted to the critical conditions with regard to each
characteristic. A series of tests sufficiently complete to
form & basis for a more general flying-qualities prediction,
or an analysis of secondary effects, would not be made
until the changes shown to be necessary by the first series
of tests had been incorporated in the model. An outline
for such a preliminary series of tests as just discussed is
given in tables I, IT, and ITI for a single-engine airplane
and in tables I, IT, and IV for & twin-engine airplane. An
attempt has been made to make these tables self-explanatory
when considered in the light of a flying-qualities specifi-
cation (references 1, 2, and 3). Figures 1 to 16 present
a typical set of results. The method of translating the
wind-tunnel results into the terms of the flying-qualities
specification is outlined in these figures.

The choice of critical conditions and the tables have been
made after a detailed study of the characteristics of three
typical single-engine airplanes and three twin-engine air-
planes, with right-hand rotating propellers. In each case,
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it was found that if the 10 major points as outlined were
satisfied, the other characteristics called for in the flying-
qualities specifications would be met. It is believed that
this conclusion will be similar for other conventional
airplanes.

Each of the ten items listed in the tables is directed
toward one major variable in the airplane design. Thus, in
the usual case

Horizontal tail size will be determined by item I.
Elevator size will be determined by item II.
Elevator balance will be determined by item IT1.
Minimum dihedral will be determined by item IV,
Mazimum dihedral will be determined by item V.
Adleron size will be determined by item VI.
Aaleron balance will be determined by item VII.
Vertical tail size will be determined by item VIII.
Rudder size will be determined by item IX.
Rudder balance will be determined by item X.

Obviously there is a closer interrelation among the charac-
teristics than the above listing implies, and important changes
can be required after consideration of “secondary’ variables.
However, to a first approximation the variables listed will
establish the airplane stability and control characteristics
after the first basic arrangement of wing and fuselage 1s
established. Changes in other features of the airplane com-
ponents will normally be in the nature of refinements, rather
than major changes.

The surface deflections given in the text are only repre-
sentative values corresponding to the range of deflactions
needed in ascertaining the flying qualities of the airplancs
upon which the study has been based. An optimum selec-
tion can be best determined from a cursory examination of
the basic runs with control surfaces neutral, with due regard
for the maximum deflections upon which the design 1s based.
It wiil be noted that tail-off runs are called for in the tables
only when they are necessary for the computation of the
flying quahities. However, in order to provide data which
will aid in any necessary redesign, the addition of & tail-ofl
run for other test conditions is considered desirable.

A typical set of data as obtained from the runs called for
on the tables is shown in the figures and the cross plots and
computation methods necessary to reduce these data to the
form of the flying-qualities characteristics are outlined. As
in the table, these figures are intended to be in such detail
as to require no further explanation. In the computation
procedure certain simplifications and assumptions have been
made, but it is believed that all factors which will bear an
important influence on the final result have been included.

AMES ABRONAUTICAL LLABORATORY,
NaTioNaL ApvisorY COMMITTEE FOR AERONAUTICS,
MorrerT Fisrp, CALIF.
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Rudder | ¢ for Ca | Bfor Ca=0 | ¢, for | Pedal fores | Pedal
equals uals % £
.4 zer0 —f?or Co=0| @ 80d @ 7Ca, o
0 —9.1° 9.1°R 0.038 28.6 18R
15°L | —16.4° 16.4° R ~.090 28.6 L
20°L | —18.4° 18.4°R —.119 28.6 8L
2°L | —20.9° 20.9° R —.130 26.6 8L
Vi=81 mph, g=16.8 1b/aq ft., wing loading=32.6 1b/sq ft.
(b) Computation table,
N [
20 -~
bk /00k 8
o8 N
g‘t o o Force Q:E
AN °3
&t Angle- 5\ N t o
R Y- ~a @
‘g ~ ~ Q'}
g 20 100 §
° g
(&
“£Q © 200
20 /0 o /0 20 30 <40
Right

Argle of sidesljp, B, deg
(¢) Airplane steady sideslip characteristics.

PI1GURE 10.—Varlation of rudder angle and pedal force with sideslip in wave-off. Flapsand

gear down, take-off power. S8ingle-engine alrplane.
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(a) Model characteristies determined from wind-tunnel testa.
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for %gg}keo{
Rudder | ¢ for Ca =0 Ch, for | Pedal farce Pedal Crfor ® Ig
angle, | equils | emslt | gana@ |~ eGr, | PR | wd@ | TG
Ca=0 Cr
Data taken from fig. 12, pt. (a) From pt. (a) fig. 11
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~15°R | —-L8 | 1L.L°R 222 26.6 SR —.150 | 4.4°R
—2°R | +0.6° | 0.5°L .27 26.6 121 R —.0%8 | 28°R
—25°R 29° 29°L .72 268.6 11 R —.040 LR
V=81 mph, g=16.8 1b/sq ft., wing loading=32.6 lb/eq ft.
(b) Compautation table.
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F1aURE 11.—Rudder angle and pedal force necessary o hold wings level in wave-off. Flaps

Angle of sideslp,

s
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(¢) Alrplane steady sideslip characteristics.

ond gear down, take-off power. Single-engine airplane.
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(b) Computation table, Yawing-moment coeficlent due to maximum right aileron

defloction.
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0.0109
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0.335
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Vi=81 mph, ¢=16.8 Ib/sq ft., wing loading=32.6 1b/sq ft.
(d) Computation table. Rudder angle and pedal force to hold zero sideslip with maximum

right afleron.

F16UurE 12—Rudder anglo and pedal fores necessary to hold zoro sldezllp In wave-off. Flaps
and gear down, take-off power. Single-engine airplane.
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(2) Model characteristics determined from wind-tunnel tests.
Note: Each rudder isequipped with a boost tab, which Is deflected for the
runs,
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Rudder| ypfor |BforCe=0 CWIr@®8nd® | oo | pednl foree fovoe
angle, | Co=0 | TrGIZ &+ [~ | B

& or Left Cs,, |Right C,

0 —2.¢° 20°R | —0.014 | +0.03¢ | 40.020 38.5 2R
10° —7.1° 7.1°R —.014 —.021 —.085 38.5 64 L
20 -13.2 | 13,2°R —.055 +.075 +.020 38.5 2R
25° ~13,4° 13.4°R —-. 097 . 000 -—.037 385 37TL

V=100 mph, g=25.6 Ib/sq ft., wing loading=48 Ib/sq {t.

(b) Computation table.
o {
iy 20 - 100 ¢
h-jé. eff,’f’;gfa% _Rudder pedal force XP
%’Q da?‘a-::;o\ [g\g
§ o N 0§
L& Rudder ongle” . 71 2
83 Y 3
Q 20 \i /00 ¥
©) 3
20 /0 o /0 20 30 40
Left Right

Angte of sideslip, 8, deg
(c) Alrplane steady sideslip characteristics,

F10URK 13,—Variation of rudder angle and pedal force with sideslip at approach spesd. Flaps

and gear down, take-off power. ‘Twin-cngine, twin-tafl airplane.
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(a) Model characteristics determined from wind-tunnel tests,
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Alirplane
Angle ol | Stde force | ilft coei- | AREl0 of
which Ca | "0y at?](ls' dw%V i1 SY
equals zero b c,_.ng e TCL
—12.9° ~0.15 1.70 5.1° right

(b) Angle of bank computation table.

FIGURE 14.—Rudder-free trim characteristics with asymmetric power at low speeds, Flaps
and gear down, take-off power on right engine. Left engine propeller windmflling. Twin-
engine airplane.
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ACa, of AC, of
8 for trim tab B for Cam0 trioa tab
NI glor | Com0 | O for® | sut totrim Ca, total | Pedalforce| Fedal Rudder |y for |equais—¢ | O, for | “gatto | O total] Podal forco e
ol erqmualsc‘;-g and @ W]inﬂ;g:l- (G230 gCi, b 5 Ca=0 | for Ca=0{ G and @ st;i-?mv:i&li]c 40 ¢Ch, b,
power! power!
o° —7.7° 77T”R —0.014 +40. 008 —0. 006 110. 6 2L 0 —11.3° 1IL3° R —0.003 0.018 0.0156 110.6 4R
-=10° —~L3° L3°R +.020 - 008 +.028 110.6 1B R —10° —8.5° 8.5 R +.041 .018 . 059 110. 6 173 R
—20° 422 22°L .100 EIECOS .108 110.8 516 R —20° -3.7° 3TR .18 .018 .138 110.0 400 R
—26° 4.6° 4.6° L .180 . 008 .188 110.6 808 R —25° —-1.2° L2°R .168 .018 .186 110.6 80 R
V=130 mph, ¢=43.11b/sq ft., wing loading=451b/sq ft. V=102 mph, g=26.6 1b/eq {t., wing loading=451b/sq (t.
1 Estimated from Item VIITa. Vi o e VAITS.
(b) Compatation table. (b) Computation table.
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(c) Alrplane steady sideslip characteristics. (¢) Afrplano steady sideslip characteristics,
F16ure 16—Rudder angle and pedal foroe necessary to hold zero sideslip with asymmetric F16urk 16—Rudder angle and pedal force necessary to hold 10° sideslip with asymmotric
power atlow speed. Flapsand gear up, take-off power on right engine, left engine propeller power at low speed. Flaps and gear down, take-ofl power on right engine, left ongino
windmilling. Twin-engine airplane. propeller windmflling. Twin-engine alrplane.
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TABLE I—LONGITUDINAL CHARACTERISTICS

[Single- and twin-engine airplanes]
Item Purpose and requirement Critfcal condition Run No. Description of run glg.. Remarks
I To determine if the horizontal tail | Oritical eondmon will be in a rated- Polars with rated power, flaps 1
i8 large enough to meet require- power climb, where destabilizin % and gear up.
ment of stick-fixed stability and eflects of at normal ﬂ!gh
if the elevator-ficating chareeter- spwds be maximum ) (- SO Som (0°
istics are such as to maintain var wh!ch stabﬂlty is re- | 1baee - 8, =—5°
stlek-free stabllity under the qulred is to be determined from
speclfied fiight condition. cular specification being fol- Polars with 50-percent normal 2
owed, rated power, flapsand gear down.
or
= O°
Oritical condition may occur in the Som=—§°
apgmach, with flaps and gear down &=—10°
and §0-percent normal rated power.
II To detormine if elevator is large | Critical condition will be in landing Polars with Dpropeller windmill- 3 | Runs (43, b, ¢) with increased incldenco are
enou for necessary control un- where forwardmost center-ofgrav- ing, flaps and gear down. . for the purposs of determining dCu/diz
normal flight condftions. ity location and ground effect will and dC3 /dis necessary for application of
e ateans 60 s method of reference 4. Ac, should be
secaro & o~ selected a3 change In angle of attack of
Som—250 the tail in the minimam speed landing
attitude, computed by method of refer-
fy=normal--de, ence 4.
&= (° Run §, with tafl removed, required for
So=—10° determination of Ci,, used to compute
8= —20° ; Ax and Aay, by method of reference 4.
&= —25° 1
[ Tafl oft
IIT | To determine if elevator balanes | Critlcal candltlon will either be In Landing: Data required are same 4
is sufliclent to maintain control landin in acoelerated flight with as for IT above.
forces within required limits, g windmilling where sta- Accelerated Flight: Polars with
il wﬂlbe test and conse- propellers dmilling, flaps
g}mnt]y the stick foreo per g the and gear up.
In ]zmdS b autliaxlmum fgrl;%e o(tigg
pounds for stick-type control an
pounds for wheel-type control Is
PP rvats propeser winamling.
stall, Propeller
he req o uired stick-force gradient in = 0° Run 7, with increased incldence, made for
ted ﬂ.tht varles with type o= —5° the purpose of da% dCw{dl; and
of airplane and must be determined 3, = —10° dC, /di, necessary for erated flight
from flying-quallties specifications fontormal A m]cu.laﬂons Valus of Aay, should be
) ! ‘s determined as maximum indoeed angle
T = 0° at tail in accalerated flight.

TABLE II.—LATERAL CHARACTERISTICS

[Bingle- and twin-engine airplanes]
Item Purpose and requirement ‘ Critical condition Run No. Description of rim ]1;%" Remarks
IV | To detormine ﬂthewmgdihedml The eritical condition will be In the ... ... Yaw run at gproach attitude 5 | Army calls for stabm‘g at 1.2Vean (pro-
Is great enough rovide at approach with flaps down and with gear down and pdrarwmdmmlng) th 50-percent rated
least nen traldﬁledmﬁeﬂectfor })ovwaron where powor and flap ef- Bo-pereentnormalratedpowar power
the conditions of flight specified. blne to reduce the dihedral Navtyhealls for stabllity in “the approaoh
his conditlon will nor- 3= (°, y=—380° to 80° considorable power.”
be worse with aflerons free, &= 20° ¢=—30°to 0° tion will normally coincide wit.h the con-
but eanbech&ckedtoavaﬁm Sm—20° ¢m=  (° to 30° dition ontlined for the Army abo
first approximation with The angle of attackforthmtestuhouldbe
] chosen on the basis of Cr,,,, obtained in
the wind tunnel (used in computing
1.2Vn.n) but the power (T%) should be
in accordance the estimated
spwd under full-scals conditions.

V| To demrmlna if proper balance | Oritical condition will be the high- |.._____.___. Yaw run at high-speed attitude, 6 Smne doubtaﬂstaastowhat.har or not this
exists hetweon dihedral effect speed (clean) condition where e~ flaps and gaar up, propeller edgf troe maximom limit
and d!mcﬂonal stability to dral effect be maximum and di- wlndmﬂllng hlghspeed Te). for dih Itis belleved that an air-
avold osclllatory divergence, rectional stabllity minimum (due plave can have dfhedral under this Hmit

to amall power eflects). [ IO &=0°, = —30° to 30° and yet bave an undesirably roll
due sideslip, and that the tolerabls
amount y varies with the type of
airplane. However no :Fedﬂc require-
ment expressing such a eriterion exists.
V1| To determine if allerons are suffi- | Oritical condition will be at low speed |..o_.-oo.._. Polar with windm peller.] 7 | For a single-engine airplane runs 1la, b,
clantly effective to furnish mini- 5 up or down) where afleron ef- Flaps and gear retrac: l]l%}:ro and o are needed for computatio:.; of
pb veness usually lowest and re- necessary rudder balance. See Table No.
mum (57 ) Tequired. 108 oeee. 3a,=20, 8ap=0 o
duction in 'ET’ due to yawing { jop
2 max 10&—"“ 5-1,‘:" Down, 3-3-1“ Up
s greatest. ======| &, =Full Down, & =Full Up
Flaps and gear extended.
Bazm0, 8ap=0
L 8.;,=3% Down, s:p=3¢ Up
lle..__.__| %o =Full Down, &y=Full Up
VII | Todetermine ifaflerons are closely | Critical condition will be at highest |...__.___. --| Data required will be furnished 8 For convmtionaltype aflorons
enough balanced to Iumhg speedatwh!ob requirement applies, by rums 108, b, and e, plo- lga sufficlent two-dimensional data
pb with 1 normally 0.8Vaax. Re force mented by two—dlmagﬁmal atmb {’noldsnnmberwh!chwﬂlform
required (53 ax OW | and mta of roll varles with type of hinge-momeént data. a8 asis for stick-force compata-
enough control forces, alrplane, tions.
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TABLE II.—DIRECTIONAL CHARACTERISTICS
{Single-engine airplape]
Item Purpose and requirement Critical condition Description of run 1;}5‘ Remarks
VIOI | To determine if suficient direc- | Critical condition will he at highest Yaw runs at attitude correspond- 9 | It should be noted that the conditlon for
t.lonal stability is present to angles of sideslip attainable when to 1.2V a1 (propeller wind- which the rudder is med will bear an
avoid rudder-forco reversal or is operating at a high , flaps and gear up, T important Influence on the ruddor-re-
rudder-forcs reduction at large thrast coefficlent to normal rated charactoristics, It i8 assumod that
angles of aideslip. Dependent upon the a.h;& e oonfig- power the incremental tab effcets can bo csti-
bility char- mated and ap to tab-zoro deta,
condition may be 3m=0°, = —30° to 30° For alrplane being tested for comg]llaneo
oﬂﬂmlwithﬂnps either up or down. 8w 115 =0 to 30° for —3, g spedﬂcatlons onl{
Both flight eondltiuns should there- 8=k 20° 05 20 0 720 for -8 and attltu o requirements aro Joss sovoro
fore 8, 1-25° and may be changed to the followlng.
Flapsup-—T.of power for level flight. F
Yaw run.s at attitude correspond- 10 down —attitude of 1.3Vean propcllor
in 1.1Vatau (propeller wind- win lng), T, of 50-percent normal
, flaps and gear down, rated powe
Te eomsponding to take-off The above remark also applies to any alr-
POWer. Eanlane on which low. extromo power
dling characteristics are consldered of
¥ range= 0° to —30° condary importance.
&= 0° It shou]d be noted that In computatfon of
8, m=15° rudder roquired to hold s y sideslip,
&, =20° C» due to afleron had beon neglected (figs.
8, m25° 9, 10. 13, 14, and 16).
IX | To determine If the rudder is| Oritical condition will Yaw runs at attitude correspond- 11 | The data required to detormino adverse
larfa enough for necessary con- (a}BMaintenanee of ﬁlght with wings ﬁﬁm lV.a.u (p.rope]]er wind- | and aﬂeron gaw are obtained from Runs 11
trol under all normal flight con- er high thrust conditions ga.r down, 12
ditions. of wave-off,-where conslderable t . eorresponding take-off airphm.ee belng tested for compliance
rudder is re to neu with Army specifications only, analysls
effects due to slipstream twist [v confined to conditlon (b), nnd
¢ range=—10° to 20° attitnde ch anged to 1.2Vsan (propellor
o or Sy g‘o wiélhdénming) with T, for powoer for lovol
S —1,
(b) Maintenance of zero sideslip for &= —20° The above remark algo apJ.\lm to any alr-
conﬂlwmwlt.h mfﬂdmt Teserve Bpma —25° gane on which low: oxtromo r
mdder edvarse yaw ﬁ characteristics are considerod
indueedbyf ﬂghtaﬂerondeﬂect of secondary lmportance.

X | To determine if the rudder has | Oritical condition will occur when at- Data required will be furnished 11 | The condition ified will normally glve
sufficlent balance to keep the tempt iz made tfxpartorm manen- by runsof item IX above. Orlg- | and higher pedal oree. s than will be oneoun-
pedal forces within the required vers listed oni above (without inal rudder trim with mintmum 12 tered In a terminal tgodivo provided

180-pound limit. ald of a trim-tab ed nt) after power assumed to exist with tab the rudder isassumed for
an extreme change of power. neutral. high-speed flight beforo tho divo Is en-
tered.” Assumptlon of lesa favorable orlg-
inal rudder trim may mako the dive con-
dition critical.
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TABLE IV.—DIRECTIONAL CHARACTERISTICS
[Twin-englne airplanes]
Item Purposo and requirement Critical condition Run No. Description of run T Remarks
VIII | To dotermine if sufficlent diree- | (a) Orltical conditfon will be at (&) Yaw runatapproach attituds, | 13 | (a) Army calls for rudder-fres directional

tional stability is present. est angles of right sideslipa lo flaps and gear down, T a8 stabllity at 1.2Vaan (propeller wind-
(a) To avold rudder-pedal force when the propeller Is operating at called for by requirement (both milling) with 50-percent rated power and
roversals or reduction at large lgh-thmxt coofficlent. engines operating). tab set for trim at zero sidesli G, for
angles of sidealip. (b) The ecritical condition will be tab can be estimated.
represen by the faflure of one Yaw range=0 to —30° Nary calls for no reduction of rudder-pedal
and engine shortly after take-off. 120 oo 5= (° force as the angle of sldeslip is increased,
12b_ .. &=10° with take-off power and neutral trim
2, To permlt the lane to be 126 cee o &=20° tab. As the Navy does not give a defl-
alanced directionally In steady 124 ____ &, m25° nite mmimom speed 1.1V, ...n (ptopel].ar
flight, with rudder free and windmilling) Is assumed to be the lowest
asymmeh'lo power by banking (b) Yaw run at attitude corre- speed at which this requiroment need
to a moderate angle. sponding to 1.2V,i.n, flaps at be met.
take-off sotting, gear down. Runs In right sideslip are called for since
Take-off power on one engine; normally this will re t a more ex-
other engine, propeller wind- treme eondltlonthan eft sidealip.
milling. 14 | (b) This requirement i3 not called for by
Make runs with the rudder fres the Army. cifications re
and the aflerons set with fall amzl:eorbanktobe ted to 15°, 25°,
doflection in direction to bring 35°, depending on type of afrplane.
wing with dead engine up.
38 e Right engine o] ting
L y=0 to —g‘l’%
18beeon.. . Left englne o g
v=0to
IX | To determine If the rudder is capa- | Critical condition will be after single- (a) Yaw runs at attitude corre- 15 | (8) Thisrequirement applies only to Navy
ble of maintaining the required failure where the rudder con- spond!ng to 1.2Vetan, fiaps and alrplanes.
control under all conditions of trol should be powerful enough to Take-off power on
steady flight. a) hold zero sideslip at all speeds r{ght mﬂm,lcjt engine, propeller
own to 120 percent of the stalling
speed In the condition.
Yaw range=—20° to 10°
o or &= 0°
&=—10°
) Ho}dtatfth B}g;l.&(gspee({)i:fghm :':—%
nt of the e -
mﬂ condition.
(b) Yaw runs at take-off attitude | 16 | (b) This requirement applies only for
(1.2V.:.n) ﬁapa in _take-off posi- Army alrplabes
th on, own,qu"uke-o power
engine; en, , PTO-
pflhr windmilling
Yaw range+5 to —25°
Sy
&=—10°
8rm—20°
3y —25°
X | To determiune if the rudder has | Oritical condition will be in the flight (a) Data required are obtained 15 | (8) Most severe requirement a: &) lied by
enough balance to keep the rud- condition (a) and (b) listed above. from Run 13 ab the Navy (with respect to ru

der-pedal forces within the 180-
pound limlt,

(b) Data requlred are obtalned
from Run 14 above.

and
18

frement (b) is usually less severe
T] but is the most severe applied




APPENDIX

SYMBOLS

deflection of control surface

change in angle of attack at wing due to ground effect
or change in angle of attack (over aileron station)
due to roll

change in down-wash at tail due to ground effect

change in angle of attack of tail due to ground effect

change in angle of attack of tail due to induced angle
in accelerated flight

lift coefficient of wing and fuselage (exclusive of tail)

angle of incidence of tail

hinge-moment coefficient

angle of yaw

angle of sideslip

. Thrust

propeller thrust coefficient SVID*

yawing moment due to sideslip

rolling moment due to sideslip

rolling moment due to rolling

rolling moment due to aileron deflection

stick force, pounds

indicated airspeed .

length from center of gravity to 25-percent M. A. C.
of horizontal tail

normal acceleration

acceleration due to gravity

rolling velocity, radians per second

154

b wing span, feet
q dynamic pressure (% pV'? ), pounds per square foot

Subscripts:
elevator
rudder
left aileron
right aileron
tail
left
right
NoTe.—Stability axes have been used in the presentation of the data.

Positive deflection of control surface is in the direction which will
produce & positive force (not necessarily a positive moment).
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